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This study was undertaken in an attempt to compare the secretory efficiency
of the sweat gland and its tubule with the more anatomically complex renal
glomerulus and tubules.
The eccrine sweat glands may be divided into two groups as to function,
location and, possibly, connections to the central nervous system.
1. The eccrine sweat glands of the general body surface respond to stimuli
of heat and work. Their function is that of regulation of body temperature.
2. Sweat from the glands of the palms and soles (and some in the axillae)
is referred to as palmar sweat, or psychic, or mental sweat. Darrow (1) pointed
out that its teleolQgic function was originally to provide a pliable, adhesive
surface facilitating tactile €ense and the grip on objects; it now manifests itself
in preparedness for activity, alertness or vigilance, conation, shift of attention,
mental work and emotion. In the absence of preparedness, as in sleep, the
palms tend to be dry, even in hot weather when the general body surface is
sweating. All this has been shown by Kuno (2) and Neumann, Cohn and
Burch (3) by studying volume output of palmar sweat by various methods.
The chemistry of general body or thermal sweat has been studied by many
observers (4—18) under various conditions of increased temperature, humidity
and work both in hot climates and in thermal chambers. Correlation studies
on sweat, urine, blood and gastric juice have been made, as well as studies on
sweat alone. The sweat collected for analysis by various investigators has been
either pooled body sweat or sweat collected from specific areas of the general
body surface. This sweat, for the most part, has been profuse, dilute, with
low specific gravity and low concentration of dissolved substances. Sweat
that has been scraped off, or allowed to run off the body surface, or absorbed
into clothing, is contaminated by epithelial cells, fat and surface bacteria, even
though the body surface was thoroughly washed before starting the collection.
In the present study the efficiency of a sweat gland was to be compared with
the efficiency of the renal excreting unit. Williams (19) listed similarities
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between sweat glands and glomeruli in number, volume, excretion, filtrate
and blood flow.
Among the several problems that confronted us at the beginning of the in-
vestigation was first to select for study sweat glands which work with a similar
periodicity to that of the kidney unit and which are not dependent on heat or
work for their output. We also felt that the output of sweat should be in-
creased by psychic or emotional factors and decreased during sleeping hours,
as is the output of urine. In addition, the sweat should be free of contamination
by surface cells, oils, bacteria and so forth.
It was realized that uncontaminated sweat could be collected directly from
the sweat duct only by direct catheterization or by collection from each in-
dividual duct orifice as the sweat appeared in small droplet form and before
it ran over the surface of the skin. The sweat glands of the palm and palmar
finger surface met these requitements physiologically and were readily accessible
for the collection of sweat by the nature of their location and the size and posi-
tion of the openings of the ducts.
The palmar sweat glands have been shown by Saito and Takahara (20) to
secrete in groups every twelve to thirty seconds. Each individual gland dis-
charges periodically 0.003 to 0.005 mg. of sweat. Therefore it would require
more than fifty hours to catheterize and collect from one gland a sufficient
amount of sweat to permit even ultramicrochemical analysis. Consequently
it was necessary to use a group of glands for the collection of sufficient material
for chemical analyses.
The next problem was to arrange an apparatus for collection of sweat from
the palniar sweat glands and to perfect a method of chemical analysis on small
amounts of the fluid.
TECHNIC OF COLLECTING SWEAT
The actual collection of the sweat is made with a pipet that has an inside
diameter of 0.35 mm. and is drawn down to a fine tip with a patent opening
through which sweat droplets are picked up by capillary attraction. The
capillary tip is dipped into a light mineral oil, stained red with scarlet R., before
the sweat is collected. The oil serves a twofold purpose: 1) by nature of its
weight it slows up the rate of capillary puli of the tube so that the sweat droplets
can be collected in the tube as a solid column of fluid without a layer of air
between each two collected droplets; 2) the oil layer remains on top of the
sweat and prevents evaporation from the surface.
The sweat droplets are picked up by capillary action with the collection
pipet as they first appear at the openings of the sweat ducts on the finger tip.
Each sweat duct opens into a small concavity, evenly spaced from the next,
on the elevated ridge of the finger print. No sweat droplets are allowed to
coalesce or run over the surface of the finger.
Evaporation is the constant difficulty encountered when working with such
small amounts of liquid. Buley (21) described an apparatus for the study of
finger tip sweat which, although of good basic design, proved to be inadequate
in our experience.
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The chamber shown in figure 1 was evolved to combat evaporation. This
chamber is a glass tube 4* inches (12.1 cm.) long with a diameter of 1 inches
(3.8 cm.). The finger is placed in one end of the tube and a rubber stopper
containing a wet and a dry bulb thermometer is in the opposite end. Two
openings are on the top of the chamber: 1. One opening 1 inches (3.2 cm.)
in diameter at the top of a chimney 1 inches (4.1 cm.) in height is covered with
a plate glass cover slip sealed with plasticine. This opening and the chimney
are for binocular microscopic observation of the finger tip at a magnification of
18 diameters. The cover slip is kept unfogged by a heating element. The
height of the chimney is necessary so that this heating element will not warm
FIG. 1. DIAGRAMMATIC DRAWING OF THE SWEAT COLLECTION CHAMBER
the finger tip. 2. The other small opening is inch (1.3 cm.) in diameter and
is covered with latex rubber through which the collection pipet is manipulated.
The entire chamber is placed in a metal cradle that is lined with a heating
element. The heating element is adjusted with rheostats so that the inside
temperature of the chamber is between 33 and 35.5°C., or approximately skin
temperature.
Wet cotton and blotting paper in the chamber raise the humidity to 100
per cent, as registered by equal wet and dry bulb temperature readings. As-
bestos wrapping on the outside of the chamber helps maintain the constant and
uniform temperature.
JUrgensen (22) has shown that if anemia is produced by a rubber bandage
on the finger the secretion of sweat of that finger is abolished completely in
Cover slip
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fifteen to twenty minutes. Kuno and his associates (23, 24) have shown that
if the blood supply to the arm is completely obstructed, the output of sweat
below the point of constriction is reduced two-thirds within fifteen minutes.
Accordingly it was necessary to bold the extended middle finger in the chamber
in a comfortable relaxed manner, without motion, and without any constricting
bands that would interfere with the circulation. This was done by slidthg
the fingernail under a metal shelf that was placed on the distal end of a half
metal cylinder. The metal cylinder fitted inside the chamber and could be
adjusted to the length of the finger (fig. 2).
FIG. 2. CLOsE-TIP PHOTOGRAPH or THE SWEAT COLLECTION CHAMEEH WITH THE HALF
METAL CTLINDEE REMOVED
Note the small metal shelf on one end of the half metal cylinder under which the finger
nail is slipped
When the finger is in place the chamber is made air-tight by a plasticine
seal about the finger and the finger-hole opening (fig. 3).
The efficiency of this chamber was checked by putting droplets of sodium
chloride solution with a known concentration of 620 mg. per 100 cc. and a volume
of 0.01 eu. mm. on wax paper within the chamber. At the end of one minute
in the chamber the droplets were analyzed and found to have a level of sodium
chloride of 660 mg. per 100 cc.; at the end of thirty minutes in the chamber
the concentration had risen to 800 mg. of sodium chloride per 100 cc. and at
the end of one hour the concentration of the droplets had risen to 1,400 mg.
of sodium chloride per 100 cc.
A second check was made with finger tip sweat. The sweat droplets were
collected as soon as they appeared at the sweat duct openings in an area eontajn-
'V
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ing fifty sweat ducts for an hour and a half. The concentration of sodium
chloride was 640 mg. per 100 cc. The remainder of the sweat still present on
the finger tip was then collected and analyzed. This result was 1,720 mg. of
sodium chloride per 100 cc.
Therefore, regardless of theoretically saturated atmosphere, evaporation
was still present. By using drops as large as 0.5 cu. mm. in volume or larger
we found no increase in concentration of sodium chloride after the drops had
been in the chamber for either fifteen or thirty minutes but the volume of sweat
droplets is not as great as 0.5 cu. mm.
FIG. 3. COMPLETE SWEAT COLLECTION CHAMBER AND EQUIPMENT IN OPERATION
However, we found that no evaporation occurred from droplets of known
concentration of sodium chloride with volumes of 0.01 to 0.05 cu. mm. when
placed on wax paper in the chamber and collected within fifteen, thirty or forty-
five seconds. After some practice it was possible to collect sweat droplets
from the mouths of fifty sweat ducts within fifteen to thirty seconds' time after
their appearance at the openings of the sweat ducts. Therefore we felt that
our chamber was efficient in regard to the evaporation factor.
A total collection time of thirty minutes was selected because beyond this
time fatigue of the subject and the operator became evident. The volume of
sweat collected for thirty minutes from fifty sweat ducts was usually between
0.06 and 0.2 cu. mm. and a sufficient amount for analysis.
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The season during which the work was done was the fall monthsr when daily
thermal sweating was not present either at outside temperatures or in heated
rooms. It was impractical to control the diet and fluid intake of the volunteer
subjects used in this part of our work but we plan in future studies to include
this type of control. As Neumann (3) and his associates showed that the vol-
ume of palmar sweat is increased for ninety minutes after meals, all our collec-
tions were made between two and three hours after either the morning or
the noon meal.
The patient to be studied is prepared as follows: the urinary bladder is emptied
and the time recorded. The right middle finger is washed with soap and water,
rinsed for three minutes under a firm stream of tap water and then rinsed for
another three minutes with distilled water. The finger is dried gently with a
soft towel by blotting and then chilled and dried with ethyl ether. The ether
serves not only to remove any remaining oil from the surface of the skin but
also to chill the finger enough to inhibit sweating for the short period of prepara-
tion necessary when placing it in the chamber. (According to Kuno (2) human
sweat glands are capable of reacting to stimulation as long as the skin tempera-
ture lies between 26 and 45°C.)
With the finger in the chamber, a rectangle containing fifty sweat duct orifices
(plus or minus two) is quickly outlined with ink with a capillary glass pen
inserted through the small rubber covered opening in the chamber and the
collection proceeds for thirty minutes. The person under investigation is
encouraged to look about, converse, read and study in order to keep the mental
status as near normal as possible.
At the conclusion of the collection time the volume of sweat collected is
quickly measured using Richards' (25) ultramicro technic. In a second col-
lection pipet the sweat is collected from the remainder of the finger tip for
pH studies. Ten cubic centimeters of venous blood is drawn from the arm for
chemical analysis. The subject again voids and, by noting the exact time
and comparing with the first urination, the urine volume is expressed in cubic
centimeters excreted per minute.
The estimation of sodium chloride is made in the urine and blood plasma by
the Osterberg method (26) and of the sweat by Richards' (27) ultramicro-
chemical technic. The principle of Richards' technic is the precipitation of
silver chloride with silver chromate and comparison of the intensity of the
chromate color produced with chromate standards after the color has been
intensified with diphenylcarbazide reagent. The pH levels of sweat and urine
are measured both by pH meter with a micro glass electrode and with nitrazine
paper.
RESULTS
The number of subjects studied so far is not large and the results have been
variable and therefore far from conclusive. Studies were made on two groups
of subjects: 1) subjects without any evidence of disease who are considered
as normal (fig. 4); 2) patients suffering from atopic dermatitis in a quiescent or
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subsiding phase (fig. 5). The atopic patients were chosen because certain
manifestations of this dermatosis, such as vasoconstriction and pallor, paroxysms
of pruritus associated with vasodilatation, and the absence of the red component
in response to stroking of the skin, indicate an altered activity of the sympa-
thetic nervous system. Since palmar sweat is a manifestation of activity of
the sympathetic nervous system one would expect to find changes in the output
of palmar sweat.
FIG. 4. SWEAT VOLUME (SoLID BLACK BARS), URINE VOLUME (CROSSHATCEED BARS),
SWEAT CHLORIDE (LONGITUDINALLY SHADED BARS), URINE CHLORIDE (DIAGONALLY
SHADED BARS) BLOOD PLASMA CHLORIDE (DOTTED BARS) OF NORMAL PERSONS
Each bar represents a single analysis. Each group of bars represents an individual
person. Subject 13 (C. R. L.) is two months postpartum. Volumes of sweat less than
0.2 mm. in0.35mm. inside diameter capillary tube were too small for chemical analysis.
The results secured to date permit of only a few impressions:
1. In the excretion of sodium chloride the sweat gland appears to be more
efficient than previously reported, as it is able to concentrate the sweat above
that of blood plasma and equal to that of the kidney. Thermal sweat is usually
reported (4—18) to have a concentration of 300 to 400 mg. of sodium chloride
and rarely more than 700 mg. of sodium chloride, whereas we found finger tip
sweat to vary between 650 and 1,450 mg. of sodium chloride per 100 cc. of
sweat (with the exception of one reading of 450 mg. and one of 1,800 mg.). In
addition to these two exceptions, in the case of an individual (No. 13) two months
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postpartum who was considered as normal, the readings were below 500 mg.
per 100 cc, in all five analyses. We have not had an opportunity to recheck
these values at a later date.
FIG. 5. SWEAT VOLUME URINE VOLUME AND SWEAT, URINE AND BLOoD PLASMA CHLORIDES
OF 1ATIENTS SUFFERIN3 FROM AT0PIc DERMATITIS
The shading of the bars has the same meaning as explained in figure 4. Volumes Of
sweat less than 0.2 mm. in 0.35 mm. inside diameter capillary tube were too small for chemi-
cal analysis.
2. There is a variable excretion of sodium chloride in sweat in the same
and different individuals.
3. As yet we have not noted any significant correlation between level of
sodium chloride in the blood, urine and sweat.
4. The pH of sweat of normal persons is variable, ranging between 5.2 and
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6.75 as previously reported, and has no consistent correlation with the pH of
the urine (fig. 6).
5. In comparison, patients suffering from atopic dermatitis (a) have on the
average slightly higher sweat pH values than normal persons, (b) excrete, in
some cases, a greater amount of palmar sweat than do normal persons and (c)
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Fm. 6. THE pH OF SWEAT AND Unir'x OF NORMAL PERSONS (OPEN CIRcLE) AND OF PAnENTS
SUrFERINO FROM ATOPIC DERMATITIS (SOLID CIRCLES)
have lower chloride concentration in palmar sweat than normal persons with
equivalent volume outputs.
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DISCUSSION
(1) DR. THEODORE COENBLEET: This paper is of great interest because some idea is
gained of the composition of pure sweat. This knowledge may be very useful as a basis of
comparison with sweat complex ordinarily obtained by heat methods. By, so to speak,
subtracting the pure sweat results from the heat sweat complex obtained from the rest of the
body, we may get a rough idea of the composition of sebaceous material. Of course, one
would not expect sweat from the entire body to be similar to that obtained from the palms.
For one thing, it is well known that the production of palmar sweat is stimulated more by
psychic elements than by heat. Nonetheless, comparisons of this kind are fruitful and
increase our understanding.
The authors have shown that palmar sweat glands are capable of concentrating sodium
chloride. In the past we thought that the eccrine glands acted as simple filters, an idea that
seems to need revision. Where is the site for concentrating the sodium chloride? An anal-
ogy is seen here to the kidney glomerulus and tubule. The glomerulus, a coiled tubule
longer, but similar to the coil of the sweat gland, is a good filter. The collecting tubule,
similar to the sweat duct, is the site of concentration. Can the by-product of sweat con-
centration explain the lesions such as are found in hydrocystoma, dyshidrosis and miliaria
crystallina?
There seems to be a greater variation in the concentration of chlorides and other electro-
lytes in heat sweat examples than the authors found. The chloride concentration of heat
perspiration progressively decreases as sweating continues. All the experiments described
here were acute. I wonder what would happen to the concentration of the subjects' sweat
if the experiments had been continued over a longer period, and what if the collection were
made after psychic stimulation, and at different humidities? The answers would be in-
structive.
It is not surprising that with the increased sweating in atopic dermatitis, the authors
found a decrease in sodium chloride concentration and relatively greater alkalinity.
In heat sweat, too, with greater volume, chlorides become more dilute and the pH rises.
Observations on patients with various diseases will show if these on atopic dermatitis
are especially noteworthy. This report is significant, and I hope will be followed by others
from Doctors Lobitz' and Osterberg's laboratory.
(2) DR. MAURICE OPPENHEIM: In the case of dyers who wash their hands with a chloral
compound, sweat sometimes drips in a continual flood. It might be worth while making an
examination of sweat in workers who clean their hands with a ehloral compound.
(3) DR. FRED D. WEIDMAN: Were repeated determinations made on one and the same
patient from time to time in order to learn how constant the figures ran?
I had thoughts similar to Dr. Cornbleet's, as he introduced the question of modification
of true sweat as immediately secreted by certain fluids which can pass from intraepidermal
spaces into the "circulation" of the sweat. Of course, that criticism is negligible where the
readings are made for and confined to purposes of comparison; that is, using the same tech-
nic in comparing the normal figure obtained in one's particular technic, with figures ob-
tained in the disease concerned. I do not think that the proposed technic could be regarded
as indicating the composition of sweat as secreted. My laboratory is located in the same
building where the kidney of frogs was catheterized by Richards and associates, and a num-
ber of years ago I had the idea that perhaps that sweat duct too could be catheterized, but
this does not appear to be feasible. My hope was to examine the composition of sweat as
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secreted, but I abandoned this because the sweat duct is a spirally wound structure, and a
catheter could scarcely be introduced to a position below the level of the epiderm.
Da. W. C. L0BITz: Dr. Osterberg and I wish to thank Dr. Weidman, Dr. Oppenheim and
Dr. Cornbleet for their discussion and comments. The paper read here today is a pre-
liminary report dealing chiefly with the technics involved in this study.
In answer to Dr. Weidman's question: each subject was studied twa to five times with a
minimum of forty-eight hours elapsing between successive studies. Normal persons were
the subjects of our observations on the variability in the results of the repeated determina-
tions on the sweat of any individual. However, this variability was no more extreme than
that found in determinations on the urine. The extreme range of values in normal persons
was greatly exceeded in those suffering from disease, particularly in the group of persons
having atopic dermatitis.
Dr. Cornbleet's comment on the lower chloride level in the sweat of the atopic dermatitis
group is well taken. However, I wish to point out again that when selecting equivalent
sweat volume outputs in the two groups there was still a lower sweat chloride level in the
atopic dermatitis group than in the sweat of normal subjects.
Our overall plan in this study is along the lines of Dr. Cornbleet's discussion. In other
words, to study the function of sweat glands one must study the various dissolved sub-
stances in sweat in health, as well as in disease states in which one finds an alteration of the
electrolytes of the blood and urine. Sweat gland threshold and excretion levels for the
dissolved substances should be established in much the same manner that the renal func-
tions have been established. And finally, the cytochemical processes of the individual
cells in the sweat glands and tubules should be correlated with the observations on the
functions of the sweat glands so far as possible.
